Objective: Estimates of the prevalence of hypothyroidism in unselected populations date from the late 1990s. We present an update on the prevalence and incidence of overt hypothyroidism in Piedmont, northwest Italy and examine the association between hypothyroidism and multiple chronic comorbidities. Design and methods: Data were obtained from drug prescription and hospital discharge databases. Individuals who had received at least two levothyroxine prescriptions in 2012 were defined as having hypothyroidism; those who had undergone thyroidectomy or I 131 irradiation in the previous 5 years were defined as having iatrogenic hypothyroidism and those who had either obtained exemption from treatment co-payment or had been discharged from hospital with a chronic comorbidity (diabetes and connective tissue diseases) were identified as having one of these conditions. Results: The overall crude prevalence was 31.1/1000 (2.3/1000 for iatrogenic hypothyroidism) and the overall crude incidence was 7/1000. The average daily dose of thyroxine (122 µg) roughly corresponded to 1.7 µg/kg. There was a strong association between hypothyroidism and diabetes (type 1, type 2 or gestational) and with autoimmune diseases, with the odds ratio ranging from 1.43 (1.02-1.99) for psoriatic arthritis to 4.99 (3.06-8.15) for lupus erythematosus.
Introduction
Hypothyroidism refers to any condition in which the thyroid gland fails to produce or secrete sufficient amounts of thyroxine (1, 2) . Because thyroxine is an essential hormone for regulating heart rate, digestion, physical growth and brain development and functioning, an insufficient supply to cells can disrupt cellular metabolism throughout the body, leading to organ and tissue damage and result in life-threatening complications.
Iodine deficiency remains the most common cause of hypothyroidism worldwide (3) . In iodine-replete areas, however, the cause of primary hypothyroidism may be congenital or spontaneous due to chronic autoimmune disease (atrophic autoimmune thyroiditis or goiterous autoimmune thyroiditis (Hashimoto's thyroiditis)) or iatrogenic after surgery or radioiodine ablation for thyrotoxicosis. In secondary hypothyroidism, the pituitary gland fails to release thyroid-stimulating hormone (TSH). The most accurate estimates of prevalence of hypothyroidism date from the late 1990s, with percentages between 1% and 2% and predominance among women (2) . Approximately one-third of patients with newly diagnosed overt hypothyroidism have undergone ablative therapy for hyperthyroidism (iatrogenic hypothyroidism) and require thyroid hormone replacement treatment with levothyroxine continued indefinitely. Though not much can be done to prevent the occurrence of spontaneous autoimmune hypothyroidism, if identified early, benefit can be gained by monitoring its conversion to overt disease and starting levothyroxine therapy as timely as possible.
Hypothyroidism may be either subclinical or overt. Subclinical hypothyroidism, a laboratory diagnosis, is characterized by elevated serum TSH levels above the upper reference limit but normal free thyroxine levels (4) . The clinical significance of TSH values remains much debated and is beyond the scope and the tools of this study. Here, we present a comprehensive update on the prevalence and incidence of hypothyroidism and the multiple chronic comorbidities associated with it in the population of a European region.
Subjects and methods

Study population and data sources
The study population was Piedmont residents (4 400 000, approximately 7.5% of the national population). Individuals were defined as having hypothyroidism if they had received at least two prescriptions, at two different times, of levothyroxine (Anatomical Therapeutic Chemical (ATC) codes: H03AA01, H03AA02 and H03AA03) between 1st January and 31st December 2012. Prescription data were retrieved from the regional drug prescription database that contains data on all drug prescriptions by general practitioners (GP) and medical specialists working in the public health system. The risk of missing incident cases occurred in the late weeks of the year can not be excluded. On the contrary, the risk outof-pocket purchases of levothyroxine is minimal because, even in such cases, levothyroxine is mainly prescribed by GPs, who are the only medical doctors allowed to prescribe medications free of charge. The Italian Association of Clinical Endocrinologists recommends treatment for subclinical hypothyroidism only when serum TSH is >10 IU/L or when a history of cardiac disease or cardiac risk factors are present. Therefore, it is likely that the majority of patients studied had overt hypothyroidism.
Individuals were defined as having iatrogenic hypothyroidism if they had undergone partial or total thyroidectomy or I 131 irradiation in the previous 5 years (2007) (2008) (2009) (2010) (2011) To obtain the mean dosage of levothyroxine, we calculated the total amount prescribed by summing all individual levothyroxine prescriptions from 2007 to 2012 (available from the regional drug prescription database). We report the cumulative dose mean (and standard deviation), median, first and third quartiles (micrograms) for each type of hypothyroidism.
Comorbidities
In Italy, citizens are required to co-pay for drugs and outpatient visits and laboratory examinations prescribed by their GP. However, patients with certain chronic conditions can be exempt from treatment co-payment provided they have certification of the disease confirmed by a specialist working in a public health clinic. These exemptions are collected in a regional database that we used to identify comorbidities. We used different data sources to select those comorbidities that are reportedly more likely to share a common autoimmune etiology with hypothyroidism. Furthermore, we distinguished between co-occurrence of comorbid conditions in autoimmune and in iatrogenic thyroid disease.
Type 1, type 2 and gestational diabetes mellitus
As described elsewhere (6, 7), we used three different data sources to identify individuals with diabetes: the file of all residents exempt from payment of drugs, syringes and glucose monitoring strips (Regional Register of Diabetes (RRD)) (8) ; the file of all prescriptions for antidiabetic drugs (ATC codes A10A and A10B) prescribed in 2012; only those individuals who had received at least two prescriptions were defined as having diabetes; the file of residents discharged from hospital with a primary or secondary diagnosis of diabetes (ICD 9-CM 250) from 2007 to 2012. These three data sources were matched by deterministic linkage using an anonymous individual identifier; individuals who were present in at least one source were defined as having diabetes. Type of diabetes was classified according to the information in the RRD. Individuals not present in the RRD were considered as having type 1 diabetes if they had been discharged from hospital with a primary or secondary diagnosis of type 1 diabetes (ICD-9-CM 250x.1 or 250x.3) in the 5 preceding years or had received at least two prescriptions of insulin in the previous 12 months and were aged 35 year or less. All other individuals were defined as having type 2 diabetes or gestational diabetes mellitus (women aged 20-45 years if this diagnosis was recorded in the RRD).
Other comorbid conditions
Celiac disease, rheumatoid arthritis, ankylosing spondylitis, systemic lupus erythematosus, psoriatic arthritis, multiple sclerosis.
Individuals were defined as having celiac disease if they had either obtained an exemption from treatment co-payment (all patients with celiac disease can obtain clinical tests and gluten-free food free of charge provided they have a biopsy-verified diagnosis of the disease) or been discharged from hospital with a primary or secondary diagnosis of celiac disease (ICD-9-CM 579.0) Because this automated system is anonymous, ethical committee approval and informed consent for this study were not required.
Statistical analysis
The overall crude prevalence of hypothyroidism was calculated by dividing the total number of patients with hypothyroidism who were resident in Piedmont and alive on 31st December 2012 by the total number of residents alive on 31st December 2012. The number of the resident population was retrieved from the Unique Regional Archive of residents covered by the regional health system. The overall crude (cumulative) incidence of hypothyroidism was calculated by dividing the number of residents who had received their first prescription of levothyroxine between 1st January and 31st December 2013 and had not received any levothyroxine prescription in the previous 12 months (in 2012), by the total number of residents alive on 31st December 2013. Both prevalence and incidence were also calculated by gender, age, geographic elevation of the municipality of residence and educational level (individuals ≥30 years). Prevalence and incidence were standardized by age using the age The overall crude prevalence of comorbidities was calculated by dividing the total number of individuals with hypothyroidism and a comorbidity by the total number of individuals with hypothyroidism (both autoimmune and iatrogenic). Logistic regression, adjusted for age, was used to compare the prevalence of comorbidities between individuals with hypothyroidism and all Piedmont residents after excluding those affected with hypothyroidism. Odds ratios (OR) and 95% confidence intervals (95% CI) were differently calculated according to sex. The SAS System (version 9.3) and STATA 13 were the software used.
Results
As of December 31, 2012, we identified 125 972 people with autoimmune or iodine deficiency hypothyroidism and 10 064 with iatrogenic hypothyroidism (1181 after irradiation). The crude prevalence was 28.8 × 1000 and 2.3 × 1000 (overall 31.1 × 1000) respectively. The overall prevalence was fivefold higher in women than that in men, rose steadily with increasing age and then started to decline in the very old. The prevalence was slightly lower in those living in a municipality at high geographic elevation and was inversely related to educational attainment, being lower in individuals with a higher educational level. After adjusting for age, the fivefold difference by gender was confirmed, as was the lower risk for those living in mountainous areas, whereas the social gradient was attenuated to a 25% higher prevalence among individuals with a lower educational level ( Table 1 ). The six-year cumulative prescription of levothyroxine was slightly higher among individuals with non-iatrogenic hypothyroidism than those with iatrogenic hypothyroidism (median cumulative dose 143 mg and 120 mg respectively).
As for incidence, we identified 31 069 new cases of hypothyroidism in 2013, 94% of which were due to autoimmune/iodine deficiency. The overall crude incidence rate was 7 × 1000. Age and gender distribution was rather similar to prevalence, being higher among women (fivefold higher) and progressively increasing with age. No differences in incidence were noted when the data were stratified by geographic elevation of place of residence, whereas there was a direct relationship with educational level, with a lower incidence the higher the educational level. However, this difference disappeared after adjusting for age (Table 2) . Tables 3 and 4 show the crude prevalence and the age-adjusted ORs for selected comorbidities in individuals with non-iatrogenic hypothyroidism (Tables 3 and 4 ) and in those with iatrogenic hypothyroidism (Table 5 ). In both men and women, the prevalence of type 2 diabetes was about 50% higher in individuals with hypothyroidism, both autoimmune and iatrogenic. Type 1 diabetes showed a very strong association (OR 4.14 in men and 3.29 in women) with autoimmune but not with iatrogenic hypothyroidism; similarly, gestational diabetes was 70% more prevalent among women with autoimmune hypothyroidism, whereas no association emerged with iatrogenic disease. There was a statistically significant association between comorbid conditions and autoimmune hypothyroidism in both men and women; the association with celiac disease, rheumatoid arthritis and systemic lupus erythematosus (only for women) was also confirmed among individuals with iatrogenic hypothyroidism. However, these cases could be autoimmune hyperthyroidism becoming hypothyroidism after operation or irradiation.
Conclusions
As hypothyroidism can be readily diagnosed by laboratory testing and easily treated, efforts to update the epidemiology of the disease are largely justified (12) . The prevalence of clinical hypothyroidism in the Western general population was estimated to be around 1-2% and considered as a major health problem. In 1977, Tunbridge and coworkers (Whickham Survey) (13) found a prevalence of 1.9 in females and 0.23% in males in the community in northeast England and followed up the cohort for 18 years. In 1995, the mean incidence was 3.5/1000 survivors/year (2.8-4.5) in women and 0.6/1000 survivors/year (0.3-1.2) in men (14) . In a selected population of elderly (over age 60 years) American men and women in the original cohort of the Framingham Study, the prevalence of overt hypothyroidism was 4.4% (15) . It should be noted, however, that the most recent epidemiology surveys have the limitation that they consider only the elderly population and date from the early years of this century (16) . Our study fills this gap to better understand trends in the prevalence and incidence of hypothyroidism in the general population in the last 15 years.
Our data show an unexpectedly high prevalence of hypothyroidism in the study population, with an increase of about 35% over previous levels. This could be due to the rise in the rate of thyroid disease driven by the general increase in autoimmune diseases and the aging population. Another possible explanation is that awareness campaigns may have helped boost physicians' attention to the condition. Also, greater access to medical facilities and more sensitive diagnostic assays may have increased the detection of hypothyroidism. However, given that in the Piedmont Region, median urinary iodine excretion dropped from 115.8 μg/L in 2002 to 98 μg/L in 2011 and iodized salt is used only by 47% of the population, iodine deficiency should also be considered (17). The increase also involves the proportion of individuals with iatrogenic hypothyroidism, especially those in the age groups between 50 and 80 years, confirming the not negligible role of ablative therapies. Hypothyroidism, both iatrogenic and not iatrogenic, continues to be far more common in women than that in men, consistent with the well-known characteristic of all thyroid disorders. The total average dose of levothyroxine 122 mg corresponds roughly to 1.7 µg/kg, not far from the 1.6 µg/ kg considered the correct dosage for safe replacement therapy (1) .
There is scanty information on the incidence of hypothyroidism. Our findings indicate that it is remarkably higher than that in the previously mentioned Whickham study (3) and that the pressure of new cases is meaningful for health care decision making. We found no difference in incidence when the study population was stratified by educational level, which we used as a proxy of deprivation; however, it appears that the lower the educational level, the higher the prevalence of the disease. Our data seem to be discordant with the patterns seen in other autoimmune diseases, where people in lower educational and income levels are reported to be less prone to develop immune-mediated diseases (18, 19) due to the effect on immune regulation of decreased early-life exposure to infectious diseases: the so-called 'hygiene hypothesis' (20) . However, because the hygiene hypothesis operates in the younger but not in the older age groups, they might have been exposed to other determinant factors. For the latter, exposure to iodine deficiency in childhood (a more frequent condition in the past than nowadays) could have caused cognitive impairment and hampered attaining higher levels of educational achievement ('reverse causation').
A highly relevant finding of our study is the magnitude of the association between hypothyroidism and other metabolic and immune conditions such as diabetes, including gestational diabetes. The association with type 1 diabetes and celiac disease is well known and can be easily dismissed as a common genetic predisposition to autoimmune disease. Unclear, though not entirely new, is the association with type 2 diabetes. The rate of primary hypothyroidism in people with diabetes is known to be greater than that in the non-diabetic population (21, 22, 23 ) and a possible synergic negative impact on complications has been suggested (24) . Metformin, the most widely used medication for treating type 2 diabetes, interferes with TSH levels; it may reduce the incidence of hypothyroidism but also mask detection of established disease (21, 25) . Much controversy surrounds the effect of metformin (21) and no conclusions can be drawn. The association between hypothyroidism and gestational diabetes, a potentially serious combination of risk factors for negative pregnancy outcomes, can be regarded as a relevant new finding by our study. It provides additional evidence supporting minor observations from notpurposely designed studies (26, 27) .
The association with other autoimmune diseases showed higher than expected odd ratios. A number of thyroid dysfunctions leading to either hyperthyroidism or hypothyroidism are mediated by autoimmune mechanisms (28) . Thyroid abnormalities may be an isolated alteration or may precede incipient disorders, as occurs in polyendocrine syndromes. In patients with connective tissue diseases or rheumatoid arthritis, thyroid dysfunction may precede or follow the appearance of rheumatic manifestations (28) . The mechanisms by which the autoimmune thyroid disorders may be linked to systemic autoimmune diseases have not been fully explained; however, alterations in common pathways are suggested by shared genetic variants affecting autoantigen presentation and regulation of immune response. In our findings, however, the strong association of rheumatoid arthritis with thyroid deficiency, involving both autoimmune and iatrogenic types, suggests a direct causal relationship in the same patient. Arguably, the chance exists that patients with autoimmune diseases are better screened for other coexisting autoimmune conditions such as hypothyroidism, even in the absence of symptoms.
Thyroid disorders often co-exist in patients with multiple sclerosis (29, 30) . We found that hypothyroidism was at least three times more common in women with multiple sclerosis than that in female controls. Because hypothyroidism is usually due to Hashimoto's thyroiditis, its association with multiple sclerosis may support the hypothesis for an autoimmune pathogenesis of the disease. However, as interferon treatment can induce antithyroid antibodies (31) and possibly thyroid hormone deficiency, our findings might have therapeutic implications because some of these cases could be secondary to interferon treatment.
This study has several limitations. First, our definition of hypothyroidism based on levothyroxine prescriptions included only diagnosed and treated cases, thus excluding subclinical conditions that are rather common, particularly in the elderly (16 with a possible underestimation of postsurgical cases and inclusion of some iatrogenic cases of hypothyroidism in the autoimmune/iodine deficiency group. The crosssectional design precluded making inferences about causal associations: cohort studies are needed to disentangle the complex web of relations between thyroid disorders and other autoimmune conditions. The strengths of our study are the completeness of the sample; namely, the entire population of a region and the reliable algorithm for retrieving treated patients. This update on hypothyroidism prevalence and incidence signals a growing burden of thyroid disease in parallel with the general increase in rates reported for immune diseases. The strong links with other chronic conditions characterize hypothyroidism as an important comorbidity rather than an isolated chronic disease and suggest that individuals with either overt hypothyroidism or an autoimmune disease should be followed up for the possible coexistence of other chronic conditions.
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